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(54) Green phosphor and device using the same 

(57) The present invention relates to a green 

phosphor (28) having a magnetoplum bite-type crystal 
structure, which contains at least Mn, La and Tb, which 
contains at least Tb and La but does not contain Ce, or 
which contains at least Mn, La and Zn. A green phosphor 
(28) embodying the present invention can be used as a 
phosphor capable of being excited by vacuum ultraviolet 
t- radiation. 
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[0001] The present invention relates to a green phosphor and a device using the same, more particularly to a 
green phosphor capable of converting received light to light of lower energy (longer wavelength) and a device using 
5 the green phosphor. A phosphor embodying the present invention can be suitably used for gas discharge devices such 
as fluorescent lamps and displays such as plasma display panels (PDPs). 

[0002] Phosphors are used in a variety of fields. For example, phosphors are used for luminaires such as 
fluorescent lamps, displays such as PDPs and X-ray camera tubes. 

[0003] Of such phosphors, previously proposed Zn 2 Si0 4 :Mn is a green phosphor which is excited by vacuum 
10 ultraviolet radiation. This phosphor is advantageous because it has high color purity (chromaticity coordinates: 
(0.21, 0.72)) and a high luminous efficiency. However, its luminance changes rapidly with time and its life is short. 
Also, when this phosphor is excited with strong light, the luminous efficiency drops and the luminance is saturated. 
[0004] BaAI 12 0 19 :Mn, which is a previously-proposed green phosphor, also has high colour purity and high 
luminous efficiency, but has a short life. 
15 [0005] Previously proposed phosphors having improved life and luminous efficiency are crystals having a 
magnetoplumbite-type structure with both a rare-earth element and a transition metal added as sensitizers to their 
luminescence center. Particularly, LaAI^O^iEu 2 ^, Mn (JJAP, 13(1974) pp.950-956) and SrAI 12 0 19 :La, Eu 2 *a Mn 
(Philips Technical Review, 37(1977) pp.221 -233) are mentioned as examples. With these phosphors, green light can be 
obtained by first obtaining blue light by exciting Eu 2+ a using suitable excitation light and exciting Mn 2+ a using the blue 
20 light The blue light hardly comes outside because most of the blue light is used for exciting Mn 2 *a. 

[0006] In addition to the above-mentioned phosphors, SrAI 12 0 19 :Mn, Ln (Ln : a trivalent rare-earth element such 
as Ce 3+ a Pr^a Gd 3+ a, Tb 3+ a) has been previously-proposed (USP6,210,605). In this phosphor, energy transfers from 
the rare-earth element to Mn, and more green light can be obtained than a phosphor in which only Mn contributes to 
light emission. 

[0007] Ce 3 *a is well known as a sensitizer element which intensifies light emission from Tb 3+ a. For example, 
CeMgAI^O^iTb is described in J. Luminescence, 9 (1974) pp.41 5-41 9 and Philips Technical Review, 37(1977) pp.221- 
233. In this phosphor, because the energy state of light. emitted from Ce is almost equal to the energy state of f-d 
transition of Tb, energy transfers from Ce to Tb with high efficiency. This phosphor has a long life, but has a 

3o lower luminous efficiency than Zn 2 Si0 4 :Mn when excited by vacuum ultraviolet radiation. Further, the phosphor has 
low color purity (chromaticity coordinates: (0.33, 0.61)) because its emission spectrum has sub-peaks at 480 nm 
(blue, based on transition from 5 aD 4 to 7 aF 4 ), 580 nm (yellow, based on transition from 5 aD 4 to 7 aF 4 ) and 600 nm (red, 
based on transition from 5 aD 4 to 7 aF 3 ) in addition to a yellowish green emission line at 540 nm as a main peak (based 
on transition from 5 aD 4 to 7 aF 5 ). For this reason, this phosphor is not suitable for display devices. 

35 [0008] A phosphor in which Tb is inserted in a borate (YB0 3 , LuB0 3 ) containing a rare-earth element has a high 
luminous efficiency, but does not have good color purity, and therefore it is not suitable for display devices. 
[0009] Japanese Unexamined Patent Publication No. HEI 5(1993)-86366 discloses a phosphor represented by (Ce 
^TbJ (Mgva^ZnaMn^Al^s^ (wherein 0 < x 2 0.6, 0 < a+b 2 1 T 4.5 2 z 2 15). This phosphor has a spectrum of 
light emitted from Tb plus light emitted from Mn having a peak wavelength 515 nm. Therefore, the chromaticity is 

40 improved as compared with the above-described phosphors. However, regarding the light emission amount upon 
excitation by vacuum ultraviolet radiation, the phosphor is about 20 % inferior to Zn 2 Si0 4 :Mn. 

[0010] Accordingly, it is desirable to provide a green phosphor having excellent characteristics such as high 
color purity, good luminous efficiency, a long life and so on. 

[0011] According to an embodiment of a first aspect of the present invention, there is provided a first green 
45 phosphor having a magnetoplumbite-type crystal structure and containing at least Mn, La and Tb. 

[0012] According to an embodiment of a second aspect of the present invention, there is provided a second green 
phosphor having a magnetoplumbite-type crystal structure, containing at least Tb and La and not containing Ce. 
[0013] According to an embodiment of a third aspect of the present invention, there is provided a third green 
phosphor having a magnetoplumbite-type crystal structure and containing at least Mn, La and Zn. 
50 [0014] Reference will now be made, by way of example, to the accompanying drawings, in which: 

Fig. 1 is a schematic view of the crystal structure of a green phosphor embodying the present invention; 

Fig. 2 is a schematic perspective view of a PDP; 

55 

Fig. 3 illustrates emission spectra of phosphors in accordance with Example 1 of the present invention; 

Fig. 4 illustrates emission spectra of phosphors of LAM:Tb in accordance with Example 1 of the present invention; 
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Fig. 5 is a graph showing a dependence of the emission amount of LAM:Tb of Example 1 upon the concentration of 
Tb; 

5 Fig. 6 is a graph showing a dependence of the luminance of phosphors of Example 2 upon driving frequency; 

Fig. 7 is a graph showing a change of the luminance of phosphors of Example 2 at every drive period of time; 
Fig. 8 illustrates emission spectra of phosphors in accordance with Example 3 of the present invention; 

10 

Fig. 9 illustrates emission spectra of phosphors of LAM:Mn,Tb in accordance with Example 3 of the present 
invention; 

Fig. 10 is a graph showing a dependence of the luminance of phosphors of LAM:Mn,Tb of Example 3 upon the 
iS concentration of Tb; 

Fig. 1 1 illustrates an emission spectrum of a phosphor q in accordance with Example 4 of the present invention; and 

Fig. 12 illustrates an emission spectrum of a phosphor r in accordance with Example 4 of the present invention. 



[0015] In a first green phosphor embodying the present invention, a host material having a crystal structure of 
magnetoplumbite type (see Fig. 1) is used. The host material contains at least La, and Tb is contained as a 
luminescence center element. The inventors of the present invention have found out that La has the function of 
converting energy such as vacuum ultraviolet radiation, which is greater than ultraviolet radiation, into energy 
having a peak wavelength of 350 nm (about 3.5 eV). This function is considered to be due to a CTS (charge transfer 
state) transition of La. The energy of 3.5 eV corresponds to an f-d transition energy of Tb, and therefore, it is 
considered that La has a sensitizing function in light emission by Tb. This CTS transition (energy transfer 
mechanism) takes place at about 7 eV or more. For this reason, an excitation source is not particularly limited to 
vacuum ultraviolet radiation, but may be an electron beam, an X-ray or the like having energy of about 7 eV or more. 
[0016] In a first green phosphor embodying the present invention, Mn is also contained as a luminescence center 
element. The intensity of light emission by Mn depends upon crystal field splitting of the d orbital. However, the 
inventors have found out that the use of Mn in the host material having the magnetoplumbite-type crystal structure 
allows emission of green light with high color purity. The luminous efficiency of phosphors is affected adversely by 
trapping of electrons and/or holes and non-radiative attenuation caused by crystal defects in its broad sense and by 
luminance saturation due to resonance radiation and energy transfer (energy is transferred to adjacent luminescence 
center elements without light emission) when the luminescence center elements are excited. Light emitted by Mn and 
that emitted by Tb interfere with each other only slightly, and therefore little energy transfers between Mn and Tb. 
Consequently, a luminance saturation characteristic can be improved as compared with the case where Mn or Tb is 
used separately. 

[0017] Further, it has also been found out that, when Mn and Tb are used together, phosphorescence can be 
suppressed as compared with the case where Mn is used alone. This suppression gives a great advantage to display 
devices such as PDPs. 

[0018] The following are examples of a first green phosphor embodying the present invention: 
[0019] First, the host material is not particularly limited provided that it contains La and has the 
magnetoplumbite-type crystal structure. As elements forming the host material, Mg, Al, Ca, Sr, Ce, Ba, Zn, Si, Y, B 
and the like may be mentioned in addition to La. More particularly, the host material may be LaMgAI^O^, La^AlyOj (x : 
y : z = 0.5 to 1.2 : 11 to 12 : 18 to 19.5) or the like. Further the host material may be mixed with other host 
materials such as CaAI 12 0 19 , SrAI 12 0 19 and the like in an appropriate proportion so as to form a mix crystal. By mix- 
crystallization, the proportion of La in the host material can be reduced, and the use amount of Tb as a 
luminescence center element can be reduced with reduction of La. Because Tb is an expensive material, the reduction 
of its use amount will reduce the costs of the green phosphor. Also since the use amount of Mn as a luminescence 
center element is relatively increased, the green phosphor has excellent color purity. 

[0020] Luminescence center elements are not particularly limited provided that at least Tb and Mn are contained. 
Examples of luminescence center elements other than Tb and Mn may include Sc, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, 
Sr, Y, Zr, Nb, Mo, Tc, Ru ( Rd, Pd, Ag, Cd, In, Sn, Ba, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu, Hf, 
Ta, W, TI, Pb, Bi and the like. 

[0021] A second green phosphor embodying the present invention has been made from the findings that the CTS 
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transition emission of La has a greater effect in sensitizing Tb than Ce, which has been conventionally used as an 
element having such sensitizing effect, and therefore the use of La can improve the luminous efficiency. CTS means a 
state in which electrons of elements coordinated around La as a central element are excited and transferred into La. 
The inventors have confirmed that, when excited by vacuum ultraviolet radiation of 147 nm, LaMgAl^O^Tb has a 
5 luminous efficiency about 20 % higher than CeMgAl u 0 18 :Tb. 

[0022] In detail, La 3+ ^ changes to La 2+ ^ in CTS. One electron exists in the f orbital of La^a as in Ce 3+ a. The 
atomic number of La is 57 and that of Ce is 58, and the difference therebetween is only 2 % or less. Therefore, the 
f-d transition of La is equivalent to that of Ce. Thus La has a sensitizing effect similar to Ce 3+ a in light emission by Tb. 
Usually La 2+ a cannot excite La 3 *a in the ground state and selectively excites Tb to induce light emission. However, 
10 Ce 3+ a does not excite Tb selectively. Therefore, La 2+ a has a stronger Tb sensitizing effect than Ce 3+ a. 
[0023] The following are examples of a second green phosphor embodying the present invention: 
[0024] First, the host material is not particularly limited provided that it contains La, does not contain Ce 
and has the magnetoplumbite-type crystal structure. As elements forming the host material, Mg, Al, Ca, Sr, Ba, Zn, 
Si, Y, B, Bi and the like may be mentioned in addition to La. Particularly, the host material may be LaMgAlnO^, 
La^AlyOz (x : y : z = 0.5 to 1.2 : 11 to 12 : 18 to 19.5) or the like. Further the host material may be mixed with 
other host materials such as CaAl^O^, SrAI 12 0 19 and the like in an appropriate proportion so as to form a mix 
crystal. By mix-crystallization, the proportion of La in the host material can be reduced, and the use amount of Tb 
as a luminescence center element can be reduced with reduction of La. Because Tb is an expensive material, the 
reduction of its use amount will reduce the costs of the green phosphor. Also since the use amount of Mn as a 
luminescence center element is relatively increased, the green phosphor has excellent color purity. 
[0025] Luminescence center elements are not particularly limited provided that Tb is contained and Ce is not 
contained. Other luminescence center elements than Tb may be Sc, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Sr, Y, Zr, 
Nb, Mo, Tc, Ru, Rd, Pd, Ag, Cd, In, Sn, Ba, La, Pr, Nd, Pm, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, TI, Pb, 
Bi and the like. 

[0026] As a green phosphor satisfying the conditions required of first and second green phosphors embodying the 
present invention, (La^TbJ (Mg-i.yMny) AJ^O^ wherein x is 0.01 to 0.6, y is 0.01 to 0.2 may be mentioned, including (La 
o.6 Tb o.4)( M 9o.97 Mn o.o3)Alii0 19 as a particular example Also as a generally known technique regarding phosphors, the 
composition ratio of La, Mg, and Al may be shifted for improving luminance. 
[0027] Further; the above green phosphor may be mix-crystallized with (Ca, Sr)AI 12 0 19 :Mn. 
[0028] In a third green phosphor embodying the present invention, a host material having the magnetoplumbite 
type crystal structure (see Fig. 1) is used. The host material contains at least La, and Mn and Zn as luminescence 
center elements. The principle that La sensitizes the luminescence center elements are the same as that discussed 
for the first and second green phosphor. 

[0029] Further, a third green phosphor embodying the present invention is based on the findings that the 
addition of Zn as a luminescence center element improves the light emission amount 10 % or more at the maximum. 
The reason is considered to be that the exciton of Zn is a Wannier exciton whose orbital is not localized around Zn 
but widely spread in the phosphor. The exciton suppresses non-radiative attenuation of energy caused by defects or 
impurities in the phosphor, and therefore, the light emission amount increases. 
[0030] The following are examples of a third green phosphor embodying the present invention: 
[0031] First, the host material is not particularly limited provided that it contains La and has the 

magnetoplumbite-type crystal structure. As elements forming the host material, Mg, Al, Ca, Sr, Ce, Ba, Zn, Si, Y, B 
and the like may be mentioned in addition to La. Particularly, the host material may be LaMgAI^O^, La,A\ v O z (x : y : 
z = 0.5 to 1.2 : 11 to 12 : 18 to 19.5) or the like. Further the host material may be mixed with other host 
materials such as CaAl 12 0 19 , SrAI 12 0 19 and the like in an appropriate proportion so as to form a mix crystal. By mix- 
crystallization, the proportion of La in the host material can be reduced, and the use amount of the luminescence 
center elements can be reduced with reduction of La. The reduction of the use amount of luminescence center elements 
will lead to a reduction in the costs of the green phosphor. 

[0032] Luminescence center elements are not particularly limited provided that at least Mn and Zn are contained. 
The use of Mn as a luminescent element contributes to obtaining a green phosphor with excellent color purity. 
Examples of luminescence center elements other than Mn and Zn may include Tb, Sc, Ti, V, Cr, Fe, Co, Ni, Cu, Ga, Ge, 
Sr, Y, Zr, Nb, Mo, Tc, Ru, Rd, Pd, Ag, Cd, In, Sn, Ba, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu, Hf, 
Ta, W, T1,Pb, Bi and the like. 

[0033] Preferably, a third green phosphor embodying the present invention does not contain Ce and/or contains Tb 
among the above-mentioned luminescence center elements. 

[0034] As a green phosphor satisfying the conditions required of a third green phosphor embodying the present 
invention, (La 1 . x Tb x ) y (Mg 1 . a . b Mn a Zn b )Al z 0 15(x+y)+1 wherein 02x2o.5, 0.82y2 1.2, 0<a+b2i, 82z230) may be mentioned. A 
preferable range for x is 0.1 to 0.4, a preferable range for a is 0.01 to 0.1, a preferable range for b is 0.1 or 
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less and a more preferable range for b is 0.01 or less. Also as a generally known technique regarding phosphors, the 

composition ratio of La, Mg and Al may be shifted for improving luminance. 

[0035] Further, the above green phosphor may be mix-crystallized with (Ca, Sr)AI 12 0 19 :Mn. 

[0036] A phosphor embodying the present invention may be formed by a previously-proposed method. For 
5 example, compounds containing La, Tb and/or Mn and compounds containing other elements of the phosphor are 

weighed in molar ratios appropriate for a desired crystal structure. These compounds are sintered and the obtained 

sinter of the phosphor is pulverized and classified to give a phosphor having a desired particle size. 

[0037] Particularly, sintering is performed at a sintering temperature of 1,300 to 1,700 °C for 1 to 10 hours in 

a reducing atmosphere under atmospheric pressure. For the purpose of reducing the sintering temperature, a reaction 
10 accelerator composed of a halide such as AIF 2 , MgF 2l LiF, NaF or the like may be used within a range such that the 

reaction accelerator does not mar the effect of an embodiment of the present invention. 

[0038] In the case where the phosphor contains Zn, Zn may be evaporated if the material for the phosphor is 
sintered at 900 °C or higher in a reducing atmosphere. Therefore, the material is preferably sintered in a nitrogen 
atmosphere. For preventing Zn from evaporating, it is preferable that the sintering temperature is 1 ,400 °C or lower. 
15 [0039] A phosphor embodying the present invention may be used for luminaires such as fluorescent lamps, display 
devices such as PDPs, CRTs, fluorescent display tubes and X-ray camera tubes and the like. In the following examples, 
phosphors embodying the present invention are applied to a PDP shown in Fig. 2. 

[0040] Fig. 2 shows an AC-driven surface discharge PDP with three electrodes. An embodiment of the present 
invention is applicable not only to this type of PDP but also to any type of PDP that has a phosphor. For example, a 
20 PDP may be not only AC-driven but also DC-driven and may be of reflection type or of transmission type. 
[0041] The PDP 1 00 of Fig. 2 is composed of a front plate and a rear plate. 

[0042] First, the front plate usually includes a plurality of display electrodes formed on a substrate 11, a 
dielectric layer 17 formed to cover the display electrodes and a protecting layer 18 formed on the dielectric layer 17 
and exposed to a discharge space. 
25 [0043] The substrate 11 is not particularly limited and a glass substrate, a quartz glass substrate, a silicon 
substrate and the like may be mentioned. 

[0044] The display electrodes comprise transparent electrodes 41 such as of ITO, and bus electrodes 42 (for 
example, having a three-layer structure of Cr/Cu/Cr) may be formed on the transparent electrodes 41 for reducing the 
resistance of the display electrodes. 
30 [0045] The dielectric layer 17 is formed of a material commonly used for PDPs. Particularly, the dielectric 
layer 17 may be formed by applying a paste of a low-melting glass and a binder onto the substrate, followed by 
sintering. 

[0046] The protecting layer 18 is provided for protecting the dielectric layer 17 from damage due to ion 
collision caused by discharge for display operation. The protecting layer 18 may be formed, for example, of MgO, CaO, 
3 5 SrO, BaO or the like. 

[0047] Next, the rear plate usually includes a plurality of address electrodes A formed on a substrate 21 in a 
direction perpendicular to the display electrodes, a dielectric layer 27 covering the address electrodes A, a 
plurality of stripe-shaped ribs 29 formed on the dielectric layer 27 between the address electrodes A and phosphor 
layers 28 formed between the ribs 29 and also covering sidewalls of the ribs. 
40 [0048] The substrate 21 and the dielectric layer 27 may be formed of the same materials as those of the 
substrate 1 1 and the dielectric layer 17 of the front plate. 

[0049] The address electrode A is formed, for example, of a metal layer of Al, Cr, Cu or the like or a three- 
layer structure of Cr/Cu/Cr. 

[0050] The ribs 29 can be formed by applying a paste of a low-melting glass and a binder onto the dielectric 
45 layer 27, followed by drying, and cutting the dried paste by sandblasting. If a photosensitive resin is used as the 
binder, the ribs 29 can also be formed by exposing and developing the paste using a mask of a desired configuration, 
followed by sintering. 

[0051] Referring to Fig. 2, the phosphor layers 28 are formed between the ribs 29. A phosphor embodying the 
present invention can be used as a material for the phosphor layers 28. A method for forming the phosphor layers 28 
50 is not particularly limited, but may be a previously-proposed method. For example, the phosphor layers 28 may be 
formed by applying a paste of the phosphor dispersed in a solution of a binder in a solvent between the ribs 29 and 
sintering the paste in the atmosphere. 

[0052] Next, the front plate and the rear plate are assembled opposedly to each other with the display- 
electrodes (41, 42) crossing the address electrodes A and with the display and address electrodes inside, and a 
w discharge gas is fed into a space defined by the ribs 29. Thus the PDP 100 is produced. 

[0053] In the above-described PDP, among the ribs, the dielectric layer and the protecting layer which define 
the discharge space, the phosphor layers are formed on the ribs and the dielectric layer on the rear plate, but 
phosphor layers may be formed on the protecting film on the front plate in the same manner. 
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EXAMPLES 

[0054] Embodiments of the present invention are explained in further details by way of the following examples, 
5 but the present invention should not be construed to be limited to these examples. 

Example 1 

[0055] Materials, with a suitable amount of ethanol added thereto, were mixed for three hours under the 
10 following conditions: 

Table 1 



15 



Materials 


Phosphor "a" 


Phosphor M b" 


Phosphor "c" 




Molar Ratio 


Al 2 0 3 


11 


11 


11 


MgO 


0.97 


0.97 


0.97 


MnO 


0.03 


0.03 


0.03 


La 2 0 3 


0.8 


0.7 


0.6 


Tb 4 0 7 


0.2 


0.3 


0.4 


AIF 3 


0.011 


0.011 


0.011 



25 

[0056] In the table, the molar ratio means the molar ratio of Al, Mg, Mn ( La and Tb. 

[0057] The resulting mixtures were sintered at 1,500 °C for four hours in a nitrogen atmosphere containing 2 
vol% of hydrogen. The obtained sinters were pulverized to give phosphors M a" to H c" represented by LaMgAI^O^Mn, 

30 Tb. It was verified by X-ray diffraction analysis that the resulting phosphors "a" to "c" had the magnetoplumbite- 
type crystal structure. The phosphors "a" to "c M emitted green light upon being irradiated with light of 147 nm 
wavelength. Fig. 3 shows emission spectra of the phosphors by light of 147 nm. The amount and chromaticity of the 
light emitted from the phosphors were almost equal to those of Zn 2 Si0 4 :Mn. In Fig. 3, the host material is referred 
to LAM for short. Light emission by light of 172 nm is also shown (see Fig. 4). In this case, an emission amount 

35 about 1.3 times larger than the maximum emission amount of Zn 2 Si0 4 :Mn can be obtained. Further, Fig. 5 shows a 
change in the emission amount by excitation light of 147 nm and 172 nm with the Mn concentration fixed at 3 atom% 
and the Tb concentration varied. 

Construction of PDP: 

40 

[0058] 

Display electrodes 
45 Transparent electrode width: 280 urn 

Bus electrode width: 100 urn 



Discharge gap between display electrodes: 100 urn 
Thickness of dielectric layer: 30 urn 
Height of ribs: 100 urn 
Pitch of ribs: 360 um 
Discharge gas of Ne-Xe (5 %) 
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Gas pressure: 500 Torr 



10 



15 



20 



Example 2 

[0059] Phosphors "d" and "e" were produced in the same manner as in Example 1 using the following materials. 
The phosphor "d" is represented by LaMgAI^O^Mn and the phosphor "e" is , represented by LaMgAI^O^Tb. The 
phosphor a is the same as that of Example 1 . 

Table 2 



Materials 


Phosphor "d" 


Phosphor "e" 


Phosphor "a" 




Molar Ratio 


Al 2 0 3 


11 


11 


11 


MgO 


0.97 


1 


0.97 


MnO 


0.03 




0.03 


La 2 0 3 


1 


0.6 


0.6 


Tb 4 0 7 




0.4 


0.4 


AIF 3 


0.011 


0.011 


0.011 



25 



30 



35 



40 



45 



50 



[0060] In the table, the molar ratio means the molar ratio of Al, Mg, Mn, La and Tb. 

[0061] The above phosphors were used for producing surface discharge PDPs with three electrodes in the same 
manner as in Example 1. The phosphors were tested for a change of their luminance with respect to a driving 
frequency by applying a rectangular pulse having an amplitude of 180 V and a time width of 8 ps across bus 
electrodes of display electrodes. The results are shown in Fig. 6, in which a dotted line is an ideal line 
representing a case where the luminance is assumed not to become slower as the driving frequency increases. 
[0062] The change of the luminance of the phosphors with respect to the driving frequency was almost equal to 
that of Zn 2 Si0 4 :Mn. It was found that the phosphor containing both Mn and Tb had an improved luminance saturation 
characteristic to the driving frequency as compared with those containing either one of Mn and Tb. 
[0063] Fig. 7 shows a change of the luminance of the phosphors every time when the PDPs have been operated 
for given time periods. It was found that the luminance of the phosphors of Example 2 changed less than Zn 2 Si0 4 :Mn. 

Example 3 

[0064] Phosphors T to "j" represented by LaMgAl in 0 19 :Tb were produced in the same manner as in Example 1 
using the following materials: 

Table 3 



Materials 


Phosphor T Phosphor "g" 


Phosphor M h" Phosphor "i" 


Phosphor "j" 




Molar Ratio 


AfcOs 


11 


11 


11 


11 


11 


MgO 


1 


1 


1 


1 


1 


La 2 0 3 


0.95 


0.9 


0.8 


0.7 


0.6 


Tb 4 0 7 


0.05 


0.1 


0.2 


0.3 


0.4 


AIF3 


0.011 


0.011 


0.011 


0.011 


0.011 



55 



[0065] In the table, the molar ratio means the molar ratio of Al, Mg, La and Tb. 

[0066] The obtained phosphors T to "j" emitted green light upon being irradiated with light of 147 nm 
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wavelength as shown in Fig. 8. The emission amount was almost equal to that of Zn 2 Si0 4 :Mn and larger than that of 
CeMgAlnO^Tb and LaMgAI^O^Ce.Tb by 20 to 30 % or more. Fig. 9 shows light emission of phosphors T to "j" 
upon irradiation with light of 172 nm wavelength. The emission amount was almost equal to or over that of Zn 2 Si0 4 :Mn. 
Fig. 10 shows a change of the emission amount with a change of the concentration of Tb added. 
[0067] A PDP was produced using the above phosphors in the same manner as in Example 1. A change of 
luminance with respect to the driving frequency was tested in the same manner as in Example 2 and found to be almost 
equal to Zn 2 Si0 4 :Mn. Further the phosphors were tested for a change of their luminance every time when the PDPs had 
been operated for given time periods in the same manner as in Example 2, and it was found that the luminance of the 
phosphors of Example 3 changed less than Zn2Si0 4 :Mn. 

Example 4 

[0068] Materials, with a suitable amount of ethanol added thereto, were mixed for three hours under the 
following conditions: 

Table 4 



Materials 


Phosphor "q" j Phosphor "r" 
Molar Ratio 


Al20 3 


11 


11 


MgO 


0.967 


0 


La 2 0 3 


0.7/ 


1 


Tb 2 0 3 


0.3 


0 


MnC0 3 


0.03 


0.05 


ZnO 


0.003 


0.95 


MgF 2 


0.03 


0.03 



[0069] In the table, the molar ratio means the molar ratio of A1, Mg, La, Tb, Mn and Zn. 

[0070] The resulting mixtures were sintered at 1400 °C for four hours under nitrogen atmosphere and the obtained 
sinters were pulverized to give a phosphor "q" represented by LaMgAI^O^Mn, Tb, Zn and a phosphor V represented 
by LaZnAl^O^Mn. It was confirmed by the X-ray diffraction analysis that the obtained phosphors M q" and "r" had 
the magnetoplumbite-type crystal structure. The phosphors "q" and "r" emitted green light when they were irradiated 
with light of 147 nm wavelength. Fig. 11 and Fig. 12 illustrate emission spectra by light of 147 nm. The emission 
amount of the phosphor q was about 105 % of that of Zn 2 Si0 4 :Mn, and the emission peak of the phosphor r was about 
1.4 times higher than that of Zn 2 Si0 4 :Mn. 

Claims 

1. A green phosphor having a magnetoplumbite-type crystal structure, which contains at least Mn, La and Tb. 

2. A green phosphor according to claim 1, which comprises LaMgAI^O^Mn, Tb. 

3. A green phosphor having a magnetoplumbite-type crystal structure, which contains at least Tb and La but does not 
contain Ce. 

4. A green phosphor according to claim 3, which comprises LaMgAI^O^Tb or LaMgAI^O^Mn, Tb. 

5. A green phosphor having a magnetoplumbite-type crystal structure, which contains at least Mn, La and Zn. 

6. A green phosphor according to claim 5, which does not contain Ce and/or which contains Tb. 

7. A green phosphor according to claim 6, which is represented by the formula: 

(La 1 .Jb x ) y (Mg 1 . a . b Mn a Zn b )AI 2 0 15(x+y)+1 
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wherein 02 x 2o.5, 0.82y2i.2, 0<a+b2l, 82 Z 230. 

8. A green phosphor according to any one of claims 1 to 7, which is capable of being excited by vacuum ultraviolet 
radiation. 

5 

9. A gas discharge device using a green phosphor as set forth in any one of claims 1 to 8. 

10. A display device using a green phosphor as set forth in any one of claims 1 to 8. 

10 
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Fig. 2 
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Fig. 3 
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